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Abstract
Purpose: The purpose of this study was to describe our initial clinical experience and assess the feasibility of
laparoendoscopic single-site surgery (LESS) in the treatment of benign adrenal adenoma.
Patients and Methods: Nine patients undergoing LESS adrenalectomy for benign adrenal adenoma were
compared with 17 patients undergoing conventional laparoscopic adrenalectomy. Controls were matched for
age, sex, surgical indications, and tumor size via a statistically generated selection of all conventional laparo-
scopic adrenalectomies performed during the same period of time.
Results: No significant differences in the mean operative time (169 vs. 144.5 minutes, p¼ 0.287), blood loss (177.8
vs. 204.7 mL, p¼ 0.792), and postoperative hospital stay (3.2 vs. 3.5 days, p¼ 0.525) were observed between the
LESS and conventional laparoscopy group. However, postoperative pain, as measured by the number of days of
intravenous (IV) patient controlled anesthesia use, was significantly lower in the LESS group (0.9 vs. 1.9 days,
p¼ 0.047). Perioperative complications were similar between the two groups.
Conclusions: LESS adrenalectomy for benign adrenal adenoma is comparable to the conventional laparoscopic
approach with regard to the operative time, blood loss, length of hospital stay, and degree of complication, and
has demonstrated more desirable cosmetic outcomes.
Introduction
The first laparoscopic adrenalectomy was performedin 1992.1 The use of laparoscopy to remove benign ad-
renal tumors has since increased at a rapid place. Because of
its less invasive nature, the procedure is now considered su-
perior to open adrenalectomy.2,3 Recently, an even less inva-
sive alternative to the conventional laparoscopic surgery has
been developed, laparoendoscopic single-site surgery (LESS).
LESS is an attempt to further enhance the cosmetic benefits of
minimally invasive surgery while minimizing the potential
morbidity associated with multiple incisions.
Preliminary advances in LESS, as applied to urologic
diseases, demonstrate that the techniques are feasible with
advanced skills and optimal instrumentation.4 However, to
our knowledge, there are no published reports on the ap-
plication of LESS for the treatment of benign adrenal ade-
noma. Herein, we describe our initial clinical experience and




We performed 79 conventional laparoscopic adrenalec-
tomies from June 2001 to January 2009 and 9 LESS adrena-
lectomies from March 2009 to May 2009. To obtain uniform
background factors, we conducted a matched case–control
study to compare the surgical outcomes from patients who
underwent either LESS adrenalectomy (n¼ 9) or conventional
laparoscopic adrenalectomy (n¼ 17). Patients were matched
with the 1:2 ratio with regard to age, sex, surgical indications,
and tumor size. The study was approved by the Institutional
Review Board at the Seoul National University Hospital.
Operative technique
Surgery was performed by two experienced laparoscopic
surgeons (H.H. Kim and B.C. Jeong). Both procedures were
performed with the patient in the flank position with the
affected side elevated to 708. Regarding the conventional
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laparoscopic approach, usually three or four trocars were
used. A 10-mm trocar was inserted along the midclavicular
line at the umbilicus level for the laparoscope. Additional two
5-mm trocars were inserted along the anterior axillary line,
one below the costal margin and the other at the umbilicus
level. The fourth 5-mm trocar for liver retraction was inserted
just below the xyphoid process. After incision on the perito-
neal reflection along the liver edge for right adrenal lesion or
incision on the white line of Toldt for left adrenal lesion, the
adrenal gland was identified. Once the adrenal vein was se-
cured, the adrenal gland was mobilized from the upper pole
of kidney with hook cautery, coagulating scissors, or ultra-
sonic scissors. After adrenalectomy, the laparoscopic bag was
placed through the camera port and then the specimen was
extracted in total.
Regarding the LESS approach, the home-made single-port
device was inserted at the umbilicus through a 2-cm incision
(Fig. 1).5 The Alexis wound retractor was inserted at the
umbilicus through a 20-mm incision. A home-made single-
port device was constructed by securing the fingers of a size
6½ surgical glove to the end of three or four trocars with a
rubber band and fixed to the outer ring of the wound retrac-
tor. After insufflation of the abdomen with CO2 gas, a 5-mm
flexible laparoscope with an integrated camera head (Endo-
Eye; Olympus, Orangeburg, NY) was introduced. Adrena-
lectomy was performed with the roticulating laparoscopic
instrument (dissector, grasper, and scissors) from Covidien
(Norwalk, CT) to create the required angle, and hook cautery
and ultrasonic scissors that were part of the standard lapa-
roscopic instrumentation set, using procedures similar to
those of the conventional laparoscopic adrenalectomy with-
out additional extraumbilical incisions. The specimen was
placed inside the laparoscopic bag and retrieved through the
abdominal incision.
Outcome measurement and statistical methods
Various parameters were analyzed, including operative
time, estimated blood loss, resumption of oral intake, com-
plications, and length of hospital stay, to draw a comparison
between LESS and conventional laparoscopic adrenalectomy.
Differences in demographics, clinical, and surgical results
were examined using the Mann–Whitney U-test and chi-
square test for continuous and categorical variables, respec-
tively. All p-values were two-sided, and p< 0.05 was
considered significant.
Results
No significant differences were observed in age, sex, side
of adrenalectomy, and diagnosis between groups 1 and 2
(Table 1).
There was one conversion to conventional laparoscopic
surgery in the LESS group and one conversion to open sur-
gery in the conventional laparoscopy group. Cause of con-
version in the LESS group was bleeding from the splenic
laceration. Inspection of the most lateral aspect of the splenic
body revealed a vertical laceration approximately 5 cm long,
reaching deep into the pulp of the spleen, and bleeding sig-
nificantly. Attempts to control bleeding using flexible instru-
ments were unsuccessful. Therefore, the decision was made to
proceed with a conventional laparoscopy and suturing of the
splenic body. After suturing, the splenic bed was then re-
inspected, revealing good hemostasis and showing no other
source of bleeding.
No significant differences were observed in mean operative
time (169.2 vs. 144.5 minutes, p¼ 0.287), blood loss (177.8 vs.
204.7 mL, p¼ 0.792), and postoperative hospital stay (3.2 vs.
3.5 days, p¼ 0.525) between the LESS and conventional lap-
aroscopy group (Table 2). Postoperative pain, as measured by
the number of days of IV patient controlled anesthesia use,
was significantly lower in the LESS group, with a mean of 0.9
days (range 0–2 days), compared with 1.9 days (range 1–4
days) in the open group ( p¼ 0.047). Perioperative complica-
tions were similar between the two groups. Complica-
tions included serosa tearing of small bowel which was
FIG. 1. Home-made single-port device used in laparo-
endoscopic single-site surgery adrenalectomy.
Table 1. Baseline Characteristics of Patients






No. of patients 9 17 —
Sex (%) 0.281
Male 4 (44.4) 11 (64.7)
Female 5 (55.6) 6 (35.3)
Age (years) 46.0 (26–64) 43.8 (19–72) 0.458
ASA score (%) 0.258
1 3 (33.3) 4 (23.5)
2 3 (33.3) 11 (64.7)






3 (33.3) 6 (35.3)
Cushing’s syndrome 1 (11.1) 2 (11.8)
Pheochromocytoma 5 (55.6) 9 (52.9)
Laterality (%) 1.000
Right 3 (33.3) 7 (41.2)
Left 6 (66.7) 10 (58.8)
LESS¼ laparoendoscopic single-site surgery; ASA¼American
Society of Anesthesiologists.
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managed conservatively for the LESS group, and postopera-
tive bleeding required the transfusion of 4 units of blood
for the conventional laparoscopy group. No patient in either
group experienced a complication related to the blood pres-
sure extremes. The scars receded into the umbilicus and were
hardly visible (Fig. 2).
Discussion
Laparoscopic adrenalectomy has emerged in the last de-
cade as the standard procedure for the majority of patients
with benign adrenal adenoma.3,6 New techniques have been
developed to decrease the number of ports needed for safe
laparoscopic surgery. As a result, interest in the introduction
of LESS in various urologic surgeries has increased.4,7
The feasibility of LESS in the treatment of various urologic
diseases has been verified. Still most surgeons describe LESS
as time consuming and challenging, even those with a high
level of experience with conventional laparoscopy. Other than
improved cosmetic outcomes, the benefit of LESS over the
conventional laparoscopic surgery has not yet been deter-
mined. Few comparative studies have been conducted to
compare LESS with the conventional laparoscopy. A study
to assess whether or not outcomes for LESS are approximate
to those obtained with a conventional laparoscopic approach
would be of particular interest. For this reason, a comparative
study of LESS and conventional laparoscopic surgery is
needed.
To our knowledge, only one case–control study has com-
pared LESS with the conventional laparoscopic surgery.
Raman et al8 compared 11 LESS nephrectomies with 22 con-
ventional laparoscopic nephrectomies. No differences in op-
erative time, postoperative hospital stay, narcotic analgesic
use, complication rate, or transfusion requirement were ob-
served between LESS and conventional laparoscopic ne-
phrectomies. However, estimated blood loss was significantly
lower in the LESS group than in the conventional laparoscopy
group. Therefore, although the limitation of their study is
inherent in its retrospective nature, LESS is certainly compa-
rable or preferable to the conventional laparoscopic surgery
with regard to the subjective cosmetic results and objective
surgical results.
Although a few studies have demonstrated the feasibility of
the LESS adrenalectomy,4 evidence-based clinical trial data on
this technique has not been provided because of the descrip-
tive nature of the study. To the best of our knowledge, no
comparative studies of LESS and conventional laparoscopic
adrenalectomy can be found in the literature. Our study is the
first known report of a novel minimally invasive surgical
approach for the treatment of benign adrenal adenoma with
favorable preliminary clinical outcomes comparable with
those of the conventional laparoscopic adrenalectomy.
In this study, there were statistically significant size
difference between the LESS and conventional laparoscopy
group. However, there were several reports that surgery
for large adrenal tumors can safely be performed lapar-
oscopically with outcomes comparable to those of surgery for
small tumors.9,10 And our study showed similar results. There
were no significant differences between the mean operative
time, postoperative complications, or postoperative stay for
patients undergoing LESS or conventional laparoscopic ad-
renalectomy although their was size discrepancy.
Half of the patients in our study were found to have
pheochromocytoma. Although laparoscopic approach has
now been adopted for most pheochromocytomas, debate over
the use of laparoscopic surgery for pheochromocytoma con-
tinues out of concern for hemodynamic instability because of
catecholamine release and other complications resulting from
hemodynamic instability. It can be speculated that difficulties
in dissection during LESS adrenalectomy lead to excessive
catecholamine secretion and increased risk of hypertensive
crisis. However, our experience demonstrated that an ex-
perienced anesthesiology team, appropriate preoperative
medical management, and efforts to minimize adrenal ma-
nipulation during surgery afforded us the ability to avoid
hypertensive crisis in this series.
Limitations of the present study should be addressed as a
means for improvement or for mapping of strategies for fur-
ther study. Such limitations include the fact that there were
only a small number of reported cases, as well as the retro-
spective nature of the study and susceptibility to all biases
inherent in such a design. Moreover, the duration of follow-
up is brief to assess the normalization of excessive catechol-
amine secretion or high blood pressure. However, experience
Table 2. Surgical Outcomes






Conversion (%) 1 (11.1) 1 (5.9) 1.000
Mass size (cm) 2.8 (1–5.4) 4.3 (2.5–6.0) 0.011
Operative time
(minutes)
169.2 (89–289) 144.5 (70–300) 0.287
Estimated blood
loss (mL)
177.8 (50–400) 204.7 (10–900) 0.792
Transfusion (%) 0 (0) 1 (5.9) 1.000
PCA duration
(days)
0.9 (0–2) 1.9 (0–4) 0.047
Resumption of
oral intake (days)
1.1 (1–2) 1.2 (1–3) 1.000
Hospital stay (days) 3.2 (2–4) 3.5 (2–4) 0.525
Complication (%) 1 (11.1) 1 (5.9) 1.000
PCA¼patient controlled anesthesia.
FIG. 2. Postoperative view of the wound.
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with LESS adrenalectomy is still at an infantile stage; the
present study could serve as a basis for further studies that
include more patients and a longer period of follow-up.
Conclusions
We described the first series of LESS adrenalectomies for
benign adrenal adenoma. We demonstrated the technical
feasibility of LESS versus the conventional laparoscopic ap-
proach to the removal of benign adrenal adenoma. We found
that LESS adrenalectomy is a safe technique resulting in im-
proved cosmetic outcomes, with the additional benefit of
being minimally invasive; however, long-term follow-up is
necessary. In our opinion, LESS adrenalectomy for benign
adrenal adenoma has tremendous potential as a new variant
of laparoscopic procedures resulting in fewer scars.
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